Our aim in this study was to describe the long-term survival of the native hip joint after open reduction and internal fixation of a displaced fracture of the acetabulum. We also present long-term clinical outcomes and risk factors associated with a poor outcome. 
Fractures of the acetabulum are rare but potentially debilitating injuries, with an incidence of approximately three per 100 000 patients annually. 1 Historically, most of these fractures were due to high-energy trauma but, as longevity increases, there has been a marked increase in the incidence of displaced, low-energy acetabular fractures. 2 Open reduction and internal fixation (ORIF) of displaced acetabular fractures has become the benchmark for treating these challenging injuries, with the goal of restoring articular congruency and hence minimising the risk of post-traumatic arthritis. [3] [4] [5] Older patients with fragility fractures may have worse outcomes after ORIF 2 and some authors advocate a combined procedure with ORIF and total hip arthroplasty (THA) for their acute management. 2, 6, 7 In this study, we describe the long-term survival of the native hip joint in operatively treated displaced acetabular fractures, the clinical outcome, and predictors of poor outcome.
Patients and Methods
Patients eligible for inclusion in the study were identified in our acetabular fracture database, which has prospectively recorded all patients with an acetabular fracture treated since 1993. Those sustaining a fracture which was treated operatively between 1993 and 2005 were included, to permit up to ten years' follow-up. Our guidelines for operative management included the presence of an intra-articular step of > 2 mm, an incongruent hip joint and unstable wall fractures. Stability was assessed clinically, as described by Tile and Olson, 8 with the help of axial CT scans. Borderline cases were treated at the discretion of the surgeon. In patients with an unreconstructable joint, THA was considered. Patients who were referred more than three weeks after injury and those undergoing ORIF and THA were excluded, as were patients with an associated fracture of the femoral head. A total of 253 patients were included (Fig. 1 ). There were 197 men and 56 women. Their mean age was 42 years (12 to 78). Clinical evaluation. The Harris hip score (HHS) 9 and Merle D'Aubigné and Postel score, 10 as modified by Matta
11
(MMA) were available for 192 patients (Fig. 1) . Radiographic evaluation. Patients were evaluated pre-and post-operatively by anteroposterior (AP) and Judet views of the hip. 3 CT scans were performed pre-operatively in 96% of the cases (243 patients). The intra-articular step and diastasis were measured pre-and post-operatively. The presence of fracture lines in the upper 10 mm of the weightbearing dome was recorded. The presence or absence of femoral head injury and acetabular impaction were identified on the CT scans. The post-operative radiographs were examined for signs of osteoarthritis (OA) as assessed by Letournel and Judet. 12 Heterotopic ossification (HO) was assessed according to Brooker et al. 13 The study had ethical approval. Statistical analysis. Survival was analysed using the KaplanMeier method with censoring and 95% confidence intervals (CI) given, differences in survivorship between groups were analysed with the log-rank test, using Stata V14, (StataCorp LP, College Station, Texas). Hazard ratios (HRs) were calculated by Cox regression analysis. The clinical data were analysed with SPPS version 22 (IBM, Armonk, New York), using the Mann-Whitney U test due to the non-normal distribution of scores. Statistical significance was set to p ≤ 0.05.
Results
A total of 36 patients underwent THA during the period of the study at a mean of 4.3 years (0.6 to 13.1) after the injury. Flowchart showing the number of patients available at the different times during the study.
mean MMA was 16 points (6 to 18). Good or excellent HHSs were seen in 156 patients (81%) and good or excellent MMA scores in 149 (78%) ( Table I ). The presence of an injury to the femoral head significantly reduced the mean HHS to 83 (44 to 100) in the medium-to long-term follow-up (p = 0.021).
Fracture of the anterior column was associated with a significantly better HHS and MMA score, while a fracture of the anterior wall had a significantly worse MMA score. There were no statistically significant differences in scores for other types of fracture, different age groups or when a residual intra-articular displacement of > 2 mm was seen post-operatively (Table II) . Radiographic results. A full set of radiographs was available for analysis for 201 patients at a mean follow-up of 12 years (5 to 21). The mean pre-operative intra-articular displacement was 7.6 mm (0 to 40). Post-operative radiographs showed 177 fractures (88%) to be anatomically reduced, 12 (6%) with residual displacement of < 2 mm and the remaining 12 (6%) with a mean displacement of 3.8 mm (3 to 8). The radiographic results correlated well with clinical results, with a 19-point reduction in the mean HHS and a three-point reduction in the mean MMA score for patients with grade 3 to 5 OA according to the Letournel grading system 12 (p < 0.001) (Fig. 2) . Of the 243 with an initial CT scan, 59 patients had injury to the cartilage of the femoral head, 46 had evidence of acetabular impaction and 22 patients had both.
HO was seen in 53 patients (26.4%) and graded by Brooker's system. 13 Grade 1 was most common, seen in 27 patients; 19 had grade 2, six had grade 3 and one had grade 4. There was a significant association between the use of a Kocher-Langenbeck 14 approach and the presence of HO (p < 0.001).
Complications. Complications were seen in 46 patients (18.2%), with some having more than one complication.
The most common was iatrogenic nerve injury, seen in 17 patients (6.7%). These included injury to the lateral femoral cutaneous nerve (ten), the sciatic nerve (five), femoral nerve (one) and obturator nerve (one). Injuries ranged from temporary loss of sensation to total loss of function. Intraarticular penetration of screws, necessitating their removal, occurred in 16 patients (6.3%), 12 of which occurred during the first two years. Deep infection requiring debridement was seen in 13 patients (5.1%) and six had a thromboembolism. The presence of complications did not affect the survival of the native hip, nor did it worsen the clinical outcome. In the entire cohort, seven patients died during the first year of which three died in the first 30 days post-operatively. Kaplan-Meier survival estimate as influenced by injury to the femoral head and acetabular impaction.
Survival. The overall survival of the hip was 86% (95% CI 81% to 90%) at ten years and 82% (95% CI 76% to 87%) at 15 years (Fig. 3) . Radiographic evidence of injury to the femoral head, other than fracture, and acetabular impaction were the most significant predictors of THA, with rates of long-term survival dropping to 50% when both were present (p < 0.001) (Fig. 4) . In patients aged > 60 years, this trend was even more pronounced, albeit in a small sample (Table III) . Survival fell towards 0% at three years (p < 0.001) in this age group, when both injury to the femoral head and acetabular impaction were present (Fig. 5 ). Cox regression analysis showed similar results, with a 15-fold increase in the risk for THA in this sub-group (Table III) .
Post-operative intra-articular displacement of > 2 mm was not an independent predictor of failure but, when seen in the obturator oblique radiograph, predicted a decreased survival of the hip joint (p = 0.03). All THAs in this group occurred during the first 12 months after injury and survival dropped to 63% after the first year. Cox regression analysis echoed this with a significantly increased HR of 3.43 (95% CI 1.05 to 11.21, p = 0.040) (Table IV) . Significantly decreased survival was seen in associated transverse and posterior wall fractures, with a ten-year survival of 75% (95% CI 60% to 84%, p = 0.01). We found no statistically significant differences in survival for different age groups (log rank test), but with age as the independent variable in the Cox regression analysis, there was a slight increase in HR to 1.03 (95% Kaplan-Meier survival estimate as influenced by injury to the femoral head (FHI) and acetabular impaction (AI), grouped by age. 
Discussion
The overall survival of the native hip in this cohort was excellent, with 86% surviving at ten years. The most powerful predictor of failure was injury to the femoral head and acetabular impaction, especially in patients aged > 60 years who all underwent THA within three years. Good clinical function can be expected from the surviving hips, showing reliable correlation with radiological evidence of secondary OA. Few studies report the long-term survival of the native acetabulum post-operatively for a fracture of the pelvis. Tannast et al 15 reported a ten-year survival of 85%, a 15-year survival of 81% and a 20-year survival of 79% in their study involving 810 patients who were followed up for a mean ten years. This is in keeping with our findings of a ten-year survival of 86% and a 15-year survival of 82%. The 20-year survival data are not yet available. Mears et al 16 reported a survival of 88% in 424 patients at a mean follow-up of nine years. Briffa et al 17 similarly noted survival of 84.5% at a mean of 11 years in 161 patients.
Radiological evidence of injury to the femoral head and impaction of the acetabulum have previously been described as adverse prognostic factors. 15, 16 We found that when both were present, the survival of the native acetabulum fell towards 50% at ten years. This was markedly worse in patients aged > 60 years. Although a small subgroup, these findings are nevertheless highly statistically significant, and may suggest that combined fixation and THA is the treatment of choice in these patients, as has become routine in our unit. 6, 7, 18 The MMA has been noted to have a pronounced ceiling effect, and its use in assessing the outcome after fixation of an acetabular fracture has been debated. 19, 20 Nevertheless, due to its widespread use, we have routinely collected it in order to permit comparative analysis of our results with other studies in the literature. We have found our scores to be similar to those reported by others. 4, 5, 16, 21, 22 The accuracy of reduction is an important predictor of clinical outcome. 5, 23, 24 We did not show a statistically significant relationship here, but few patients were left with residual displacement of > 3 mm post-operatively. Anterior wall and posterior column involvement have also been reported to be negative predictors. We found that anterior column fractures did significantly better than other types of fracture, while anterior wall fractures did significantly worse. 5, 16, 21 Due to the complexity of Letournel's classification and the relatively small groups, these findings must be interpreted with caution. A relatively high number of our patients developed radiological evidence of OA, with clinical scores reflecting severity of Letournel grading.
The relevance of malreduction seen in the obturator oblique projection may relate to the patterns of fracture which are best demonstrated using this view (the iliac oblique radiograph is useful in the clinical setting but there is no significant correlation between malreduction and outcome in this view). Olson et al 25 showed that a malreduced acetabular fracture through the posterior wall increased the contact and maximum pressure in the weight-bearing part of the dome. Other studies [25] [26] [27] [28] reported similar biomechanical changes in fractures of the anterior column; this effect is not seen in transverse or posterior wall fractures.
The rate of complications in this series is similar to that reported by Mears et al, 16 amongst others, in terms of nerve injury, deep infection and the penetration of screws. 5, 14, 17, 21, 29 This study has a number of strengths. It describes longterm results in a large cohort, with data gathered prospectively and relating to a uniform algorithm of treatment. There was little loss to follow-up (12%).
There are, however, limitations. It is a heterogeneous cohort with a wide range of ages and mechanisms, and hence energy, of injury. The ceiling effect of both clinical scores is well described. 30, 31 In order to mitigate this for future analysis, we have started routine collection of patient-reported outcome measures.
We have reported here a relatively optimistic prognosis for operatively treated fractures of the acetabulum. However, consideration should be given to combined ORIF and THA in the older patient with damage to the femoral head and acetabular impaction. 6, 7 This has been our preferred form of treatment for this patient group for the last two years and our initial experience suggests that this is a welltolerated procedure with few complications. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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